Details of the preoperative condition, in particular symptoms of respiratory tract infections (RTI), perioperative management and the occurrence of perioperative complications, were collected in a survey of 2051 children. Logistic regression was used to determine which variables were predictors of anaesthetic adverse events. 22.3% of the children had symptoms of an RTI on the day of surgery, and 45.8% had a`cold' in the preceding 6 weeks. Logistic regression returned eight variables. They were method of airway management, parent states the child has a`cold' on the day of surgery, child has nasal congestion, child snores, child is a passive smoker, induction agent chosen, child produces sputum, and whether reversal agent used. Orotracheal intubation was associated with an increased probability of complications when compared with laryngeal mask airway and facemask. RTI in the preceding 6 weeks did not increase probability of complications. Wheeze, fever, malaise and age could not be excluded as predictors in this study because children with these symptoms and infants with colds were effectively excluded from the study.
Introduction
The risks associated with anaesthetizing a child with a respiratory tract infection (RTI) remain unquanti®ed. The child with a`cold' therefore frequently presents the anaesthetist with the dilemma of whether to proceed with the anaesthetic or to defer until the child is well.
This dilemma has remained unresolved for over 20 years since McGill et al. ®rst reported on respiratory complications in anaesthetized children with a history of RTIs (1) . Since then, there have been a variety of studies and anecdotal reports suggesting the risks may vary from minor complications to unexplained deaths in association with RTIs in anaesthetized children (2±16). The clinical understanding, approach and anaesthetic management strategies remain empirical (17) . There is little agreement between individual anaesthetists and institutions on which children with RTIs should be anaesthetized and in what circumstances (18) . Morriss (19) has suggested that the viral agent may inuence the occurrence and severity of complications, but this has not been substantiated. Even the de®nition of an RTI is controversial (13±15). The aim of this study was to develop a clinical tool to provide an objective methodology to guide the anaesthetic assessment and management of children with RTIs.
Our hypotheses were: (i) there is an association between speci®c respiratory symptoms and complications occurring during anaesthesia; (ii) there is an association between speci®c respiratory pathogens and complications occurring during anaesthesia; and (iii) a score may be assigned to an individual by identifying and weighting the clinical features, which are associated with an increased probability of complications during anaesthesia. The score will then give an estimate of the probability of the individual having an anaesthetic complication.
Methods
There were two parts to the study, which was approved by the Hospital Ethics Committee.
The ®rst part of the study was a quality control survey of all patients presenting for anaesthesia in a 2 month period at our hospital during the time of highest risk for respiratory tract infections. For the second part of the study, a subgroup of these patients was selected and randomized to study the incidence and effect of respiratory pathogens.
Patients
All patients presenting for anaesthesia during the study period were eligible for inclusion in the ®rst part of the study. The study period was late autumn through winter in the Southern Hemisphere (from the beginning of May up until the end of August). These months were chosen as the time most likely to include the peak incidence of respiratory viruses in our population after examination of the records of the local virology laboratory for the last 5 years.
An anaesthetist assessed patient suitability for anaesthesia on either the night before or the day of surgery. Those considered unsuitable for anaesthesia by the anaesthetist had surgery rescheduled as usual, but the preoperative data were included on the database. The study was intended to re¯ect current practice, and the assessment, preparation and conduct of anaesthesia was according to each individual anaesthetist's preference.
For part two of the study (`identi®cation of viral agents'), all patients with one or more symptoms of RTI identi®ed by the research nurse were eligible for randomization to have samples of nasopharyngeal aspirate (NPA) taken for viral analysis. Using a random number table, the research nurse assigned the patient to either the`NPA' group or`no NPA' group. Consent was then obtained from the parent or legal guardian of children in the`NPA' group. Children with a coagulation disorder or known or anticipated airway problems were excluded from this part of the study.
Research method
A dedicated research nurse visited all patients presenting for anaesthesia. A data sheet was assigned to each patient by the research nurse, and the patient details and preoperative information was completed by the nurse. The preoperative information included demographic information, weight and temperature, type of operation and information about concurrent cardiac or respiratory conditions. The parent was asked whether they thought the child had a`cold' that day and then for speci®c symptoms, each of which were scored from 1 to 4 ( Figure 1 ). The identi®ed symptoms were runny nose, nasal congestion, sneezing, cough, sputum, wheeze, malaise, myalgia, fever, hoarse voice, and sore or scratchy throat. The parent was also asked whether the patient had any of these symptoms during the previous 6 weeks. A tobacco smoking history was taken from the parent.
The anaesthetic technique was at the discretion of the attending anaesthetist, who recorded details of the anaesthetic on the patient's data sheet. Information recorded by the anaesthetist included premedication drugs, induction technique and drugs, patient state at induction, maintenance technique and drugs, airway management, and reversal technique and drugs.
The anaesthetist noted any`events' that occurred during induction, maintenance or emergence. The recordable events were speci®ed on the data sheet as cough, breath holding, upper airway obstruction, bronchospasm, copious secretions, desaturation, vomiting, regurgitation, hypotension, dysrhythmia, cardiac arrest and death. If events occurred, they were graded according to severity (Figure 2 ). The grading system was devised to help anaesthetists decide when to record an event. It was designed to encourage all events however minor to be recorded in an effort to be inclusive with the potential for events to be further broken down according to severity if required. Events occurring during the recovery phase were recorded and graded by the recovery staff in the same manner as by the anaesthetist above. Recovery staff also recorded any unplanned admissions to the Intensive Care Unit.
The data were entered onto a database, where the patients were identi®ed by number only.
After induction of anaesthesia, a nasopharyngeal aspirate was taken by the research nurse from those consenting patients who had been randomly allocated to the NPA group for part two of the study. Analysis of the nasopharyngeal aspirates was by immuno¯ourescence using the Bartels respiratory virus IFA screening kit. Analysis was for respiratory syncitial virus (RSV), adenovirus, Para In¯uenza 1, 2 and 3, In¯uenza A and B and mycoplasma.
Statistical analysis
For the purposes of statistical analysis in part one of the study, patients were divided into two groups designated`good' (group G) or`bad' (group B). Group B was de®ned as those patients who had experienced one or more of the adverse events de®ned in the study (Figure 2) , regardless of severity, and group G had no adverse events. The outcome of interest for the study is the probability of an individual falling into group B, which we designated`Adverse Events' for the purposes of analysis and discussion.
Our smaller set of potential predictors which formed the basis of a logistic regression analysis. The potential predictors were subjected to stepwise up logistic regression to identify the subset of variables that are useful statistical predictors in a combined sense of the Adverse Events (20) . For analysis of the effect of the viral agent (part two), individuals who had one or more symptoms were divided into three groups: group 1 (no nasopharyngeal aspirate performed), group 2 (aspirate performed, no virus isolated) and group 3 (virus isolated). Individuals for whom nasopharyngeal aspirate was requested but consent was not given were excluded from the analysis. Chi-squared analysis was performed to compare the three groups with respect to the probability of having an Adverse Event.
The software packages used for statistical analysis were BMDPLR, BMDP4F, and BMDP3D (BMDP Statistical Software, UCLA, Los Angeles, CA, USA).
Results

Part one
Data were collected from 2051 children. There were 1237 males and 814 females with an age range of 0± 22 years and a mean age of 5.8 years. Table 1 shows the types of surgery performed and numbers of children in each group. Tables 2 and 3 give a summary of the preoperative information gathered. Table 4 summarizes the perioperative data and Table 5 summarizes thè events' data.
Of the children included in this study, 22.3% had one or more of the symptoms we de®ned which could be associated with an RTI, 23.5% were said by their parents to have a`cold' on the day of surgery and 45.8% were said by their parents to have had symptoms of an RTI in the previous 6 weeks. There were 1599 patients in group G (no Adverse Events) and 452 (22%) patients in group B (at least one Adverse Event).
Saturation remained above 95% After marginal analysis, 15 potential predictor variables were identi®ed from the original set of 66 input variables. The original dataset containing 2051 patients was reduced to 1997 patients with complete data for the 15 variables, with 445 patients in group B and 1532 patients in group G. Stepwise up logistic regression produced a group of eight variables that could be considered to be useful predictors of an Adverse Event.
A summary of the predictor variables and their logistic regression model coef®cients is shown in Table 6 . The graph of log odds of adverse events versus predicted probability of an adverse event for the model is seen in Figure 3 . For any individual, the predicted probability of an adverse event is given by adding the coef®cient for each variable to the constant. The result is the`log odds' on the x-axis. The probability of an adverse event for that individual can then be read from the y-axis of the graph. There were 40 individuals who did not proceed to anaesthesia and surgery on the basis of the pre anaesthetic consult. Of these, 35 were said to have à cold' by their parents. This group of 35 were compared to the group of children who were anaesthetized and whose parents also said that they had a`cold' (n 446) with respect to the preoperative variables. The t-test was used for continuous variables and chi-squared for categorical variables. The nonanaesthetized group were found to be signi®cantly different from the anaesthetized group with respect to age, weight, operation type, and the occurrence of the following symptoms: runny nose',`cough',`wheeze',`malaise' and`fever' (Table 7) .
Part two: identi®cation of viral agents
On preoperative questioning, 463 individuals had one or more symptoms. After randomization, 307 requests for nasopharyngeal aspirate were made and nasopharyngeal aspirate was performed on 293 individuals. Of those who had nasopharyngeal aspirate performed, 14 individuals (4.8%) had a virus isolated. Group 1 (no nasopharyngeal aspirate performed), group 2 (aspirate performed, no virus isolated), group 3 (virus isolated) were not signi®cantly different with respect to the occurrence of Adverse Events. The numbers of positive isolates were too small to consider comparing for speci®c viruses.
Discussion
The large number of children in this study who were suffering symptoms of RTI (22.3%) and/or were said by their parents to have a`cold' (23.5%), or to have had a recent RTI (45.8%), illustrates the dif®culties faced by anaesthetists and surgeons during the winter months. During this time, each operating list is likely to have one or two patients suffering an RTI and decisions need to be made about best management for those children.
Our logistic regression model for predicting increased probability of an`Adverse Event' during anaesthesia contained eight variables which include both aspects of the child's preoperative condition and aspects of the anaesthetic management, as summarized in Table 6 and Figure 3 .
The ®rst predictor variable is`airway management'. There were four possible methods of airway management, namely oro-or nasotracheal intuba- Figure 3 Log odds of adverse events versus probability of an adverse event.
tion, laryngeal mask airway (LMAä) or facemask. Patients undergoing orotracheal intubation or nasotracheal intubation had the highest probability of suffering an adverse event, and those whose airway was managed by LMAä or facemask had the lowest probability of adverse events. This supports the work of Cohen who in a large prospective trial (4) showed that children with RTI had a two to seven times increased risk of suffering an adverse respiratory event during anaesthesia, and an 11 times increased risk if the child was intubated. Other work has showed that the incidence of laryngospasm is increased in intubated patients (12) and in patients having airway surgery (13) . Tait (21) showed that the use of a LMAä in cases where either LMAä or tracheal tube (TT) could be used was associated with a lower incidence of adverse events. In our study, the LMAä was associated with a similar probability of adverse events to a facemask.
An LMAä may be able to provide a clear safe airway without`irritating' the patient airway, and its role in the optimum management of the child with an RTI warrants further study (17) .
The parent's belief that their child had a cold appeared as the second predictor variable in our model. This is a very liberal de®nition of an RTI, but certainly easy to ascertain at the bedside. Schreiner (13) found it was a predictor of increased risk of laryngospasm, while Tait and Knight's de®nition was not (13±15). It is dif®cult to say what this means in a pathophysiological sense, but whatever parents commonly identify as the symptoms of a`cold' is important. It may be that the common effects on the airway of a variety of respiratory conditions, both infectious and noninfectious, are as important for predicting risk as the cause.
The third predictor variable in the model was`the child snores'. We included this question in our Table 7 Patients with a`cold': anaesthetized versus nonanaesthetized preoperative review because of the awareness of the increased risk perioperatively for small children who suffer partial airway obstruction and obstructive sleep apnoea (22) . Our ®ndings support the notion that children who snore are more at risk for perioperative complications than other children and suggest that all children or parents should be asked about snoring and sleep apnoea prior to anaesthesia. Passive smoking was the fourth predictor variable in our model. We de®ned a passive smoker as a child who lived in the same house with someone who smoked more than ®ve cigarettes per day, according to parental history. There has been increasing awareness of the effects of passive smoking on children (23, 24) . Our results support the work of Lakshmithapy et al. (24) who found that exposure to tobacco smoke increased the incidence of laryngospasm during anaesthesia by a factor of 10. Skolnick et al. also showed an increased incidence of adverse respiratory events in anaesthetized children with tobacco smoke exposure as determined by urinary cotinine levels (23) .
Two symptoms appeared as variables in the model:`sputum' and nasal congestion.`Sputum' (the cough is moist or productive) was a symptom in 9.9% of cases and nasal congestion in 8.1% (Table 3) . The appearance of nasal congestion as a predictor in the model as well as`snoring' further reinforces the importance of upper airway obstruction as a predictor of anaesthetic complications in children.
The two remaining predictor variables in the model are aspects of anaesthetic management, namely the choice of induction agent and administration of an anticholinesterase. Of the four induction agents used, thiopentone was associated with the highest probability of an adverse event followed by halothane and sevo¯urane, and propofol was associated with the lowest probability of an adverse event. Propofol is known to depress laryngeal re¯exes and may decrease airway responsiveness by relaxation of bronchial smooth muscle (25, 26) . This may be the reason that it was associated with fewer adverse events than the other agents.
The administration of an anticholinesterase (neostigmine) was the seventh variable in the model. Children whose muscle relaxants were reversed had a lower probability of suffering an adverse event than those who did not have muscle relaxants reversed, with by far the most frequently used relaxant being vecuronium (14.1%), next most frequent atracurium (7.9%), with very little pancuronium used (1.3%). All children who received an anticholinesterase had atropine administered at the same time. Residual neuromuscular block may be having a subtle effect on patient outcomes. Direct drug effects of atropine and neostigmine may also be implicated and children who did not receive muscle relaxants may have had longer procedures and therefore longer intubation times, which could have contributed to an increased probability of adverse events.
Two variables that are interesting because they were included in our study but did not reach signi®cance and appear in our regression model are`the child had a cold in the last 6 weeks' and`the child had surgery cancelled in the previous 6 weeks due to an RTI'. Of the children studied, 934 (45.8%) were said to have a`cold' in the previous 6 weeks, and 72 (3.5%) had surgery cancelled during the previous 6 weeks due to an RTI. Previous work has suggested that the child with an RTI remains at risk for up to 6 weeks after the RTI has resolved (1,11), and some work even suggests that the risk is greater during the weeks following an RTI than during the active RTI (15). This is not supported by our study.
Forty (2.0%) children in our survey were not anaesthetized because of preoperative ®ndings. Thirty-®ve of these nonanaesthetized children (1.7% of total) were said by their parents to have à cold'. When compared with the other 481 (23.5%) children with`colds' who were anaesthetized, they were found to be signi®cantly more likely to have the symptoms runny nose, cough, wheeze, malaise and fever (Table 7 ). The number of children suffering runny nose and cough was large, and many more of those were anaesthetized than not, so it is likely that exclusion on the basis of these symptoms alone will not have affected our results. However, approximately the same number of children suffered the symptoms wheeze, malaise and fever as the number that were not anaesthetized, so it is probable that most of this group were excluded from our analysis. We have no way of knowing the contribution that these symptoms could make to the probability of suffering adverse events as the anaesthetists had already identi®ed them as an`at risk' group and excluded them. The symptoms wheeze, malaise and fever therefore remain potentially signi®cant symptoms and should not be discounted in the assessment of the child with a cold presenting for anaesthesia, although a scoring system developed from this study could not include them.
The group of patients who had colds and were not anaesthetized also differed signi®cantly from those with`colds' who were anaesthetized with respect to age and weight ( Table 7 ). The average age of the nonanaesthetized group of children with colds was 2.91 years, while the average age of those with colds who were anaesthetized was 5.56 years (P 0.0012). Similarly, the average weight of the ®rst group was 16.8 kg and the second group 24.4 kg (P 0.02). This may have introduced a source of bias, with exclusion of some young children with symptoms of RTI from our sample. It has been the accepted practice in this department that children under the age of 12 months who require intubation and have an RTI will have surgery rescheduled unless the surgery is urgent. This assumption is made on the basis that infants have increased risk of complications during anaesthesia (4, 17) and therefore infants with RTI are likely to be particularly at risk. Therefore, our regression model, although it does not include age as a variable, cannot be said to exclude it due to this potential source of bias.
The nonanaesthetized patients also differed signi®cantly from the other cold sufferers with respect to operation type. Anaesthetists are probably taking into account the type of operation when making decisions about whether or not to anaesthetize the child. For example, urgent operations could not be cancelled, and surgery such as ear grommets insertion usually goes ahead whether or not the child has a cold. Major procedures or procedures requiring tracheal intubation may have been more likely to be cancelled than other procedures. Our ®gures indicate that the nonanaesthetized group contained more children having neurosurgical procedures, radiological procedures and`other' (miscellaneous) procedures than the anaesthetized group, and less Ear, Nose and Throat procedures (other than grommets). Surprisingly,`minor' procedures (including fractures, circumcisions and grommets) appeared equally in both groups.
Our study looked at the speci®c viruses that could be causing the RTI. Previous work has suggested that the viral agent, in particular RSV, could be an important factor in¯uencing the occurrence and severity of complications associated with anaesthesia in children with RTIs (19) . With a rapid analysis of nasopharyngeal aspirates now available, it would be possible to use this information when assessing the child with an RTI. Despite the large group of anaesthetized children studied during winter when the incidence of RTIs would be expected to be high, only 14 of the 293 individuals on whom nasopharyngeal aspirate was performed had virus isolated. The common cold is caused by a number of different viruses (17) , not all of which are tested for by the kit used. In addition, the peak occurrence of the RSV and adenovirus infections in the study year occurred after the study period was complete. Those who had virus isolated were not signi®cantly more likely to suffer adverse events than those who did not have virus isolated. Some recent work has suggested that the viral agent, particularly RSV, may be of signi®-cance when predicting the risk of severe complications of anaesthesia in the child with an RTI (19) . Our numbers were too small to draw any conclusions about the effect of speci®c pathogens on the occurrence of adverse events. However, even though very few pathogens were isolated, those children said to have a`cold' on the day of surgery were still signi®cantly at risk of experiencing an adverse event. This simple and cheap predictor yielded more information in our study than the expensive alternative of an NPA.
There are two potential sources of bias in this study. One has already been mentioned and that is the exclusion of a subset of patients suffering an RTI who the anaesthetist felt were too unwell or too young to anaesthetize. The second source is the use of the anaesthetist to record adverse events occurring during anaesthesia, rather than an independent observer who was blinded to the patient's preoperative condition. We minimized this bias by having the research nurse collect all preoperative information so that the anaesthetist was unaware of the symptoms as recorded on the data sheet. In addition, the`events' were well de®ned to make accurate recording easier. The large number of patients seen by each anaesthetist and the large amount of data collected rapidly in a checklist style format also minimized the observer bias effect. Previous cohort studies have also used this method of data collection (4). This study was not intended to be a controlled or double blinded trial, but a survey of practice. The results cannot be taken as conclusive because of the important potential sources of bias which have been identi®ed. However, we believe that the effect of observer bias is probably minimal in this large study sample, and the information obtained can now be used to focus further double blinded studies to con®rm these ®ndings.
The results of this study support our ®rst hypothesis, that there is an association between respiratory symptoms and the occurrence of adverse events during anaesthesia. In particular, symptoms identi®ed by the parent as a`cold' contribute strongly to the probability of an adverse event occurring. Our work supports the work of previous authors suggesting that children requiring intubation and children whose parents believe they have a cold are more at risk of adverse events during anaesthesia. It does not support the ®nding that children who have had a`cold' in the previous 6 weeks are also more at risk of adverse events.
Our second hypothesis was that there is an association between speci®c respiratory pathogens and complications arising during anaesthesia. This was tested in part two of the study. In our study the identi®cation of viral pathogens did not help to identify individuals at risk of adverse events.
The study also supports our third hypothesis, that a scoring system could be developed using the regression model resulting from this study. By using the coef®cients given in Table 6 in conjunction with the graph in Figure 3 , it can be seen how a score could be devised. For such a score to be reliable, the results of this study should be validated using a different population and, if possible, the identi®ed sources of bias removed. A particular dif®culty is the exclusion of infants with colds and of children with wheeze, malaise and fever. It may be dif®cult to devise a study that can include these children for ethical reasons.
In conclusion, this study suggests that when assessing children prior to anaesthesia, those children whose parents say they have a cold, who are snorers, who are passive smokers, who have nasal congestion, and who have a productive cough have a higher probability of anaesthetic complications than other children. Surgery which requires intubation of the trachea increases the probability of anaesthetic complications, but if the airway can be managed with a laryngeal mask or face mask the probability of complications is decreased. When choosing the optimum management for children where the probability of anaesthetic complications is high, propofol appears to be the safest induction agent, and muscle relaxants should always be reversed. In addition, we believe that it is good clinical practice to cancel nonurgent surgery for the child with an RTI who wheezes, is febrile, or is suffering malaise, or for the very young child with an RTI since children with these symptoms and very young children with RTIs were effectively excluded from our study population.
